We investigated the travel behavior of the elderly in two United Nations Educational, Scientific and Cultural Organization UNESCO Heritage Cities in Malaysia, George Town and Malacca, to assess the commonalities and differences in the mobility of the elderly and to analyze the factors influencing the mobility of the elderly. We relied upon a one-day travel diary where the elderly recorded their trip information including trip category, mode of travel, and distance travelled. A total of 455 travel diaries were completed and analyzed using descriptive analysis and Poisson estimation with the number of trips as the dependent variable. We found that the elderly in both cities recorded no more than five trips per day, travelled mostly within a distance of five kilometers, and chose private transportation as their preferred mode of transportation. Factors statistically significantly influencing the elderly's trip frequency included location (city), education level, private vehicle ownership, health condition, and engagement in exercise. Findings from this study suggest that authorities need to strategize transportation planning to encourage mobility among the elderly without compromising the heritage status of both cities.
Introduction
Like many other countries, Malaysia is experiencing a demographic shift in the population, with those aged 65 years and above increasing rapidly and projected to increase to 14.5% of the population in 2040 from 5% in 2010 [1] . As of 2019, the estimated percentage of elderly population aged 65 years and above is 6.7% [2] . Of the 13 states in Malaysia in year 2018, Perak recorded the highest percentage of elderly population with 15%, followed by Penang with 13% and Malacca 12% [3] . To ensure the elderly remain active and productive so they may live independently throughout their retirement years, as outlined in the 2011 National Policy for Older Persons, the quality of life of the elderly must be enhanced. Among others, social activities and mobility are important aspects of quality of life for the elderly [4] [5] [6] . EuroQol five-dimensional questionnaire (EQ-5D) incorporates mobility as one of its five determinants of quality of life [7] . To encourage elderly mobility, environment and social support, such as reliable public transport, ensuring age-friendly outdoor spaces, and building and engaging in community support for the elderly's needs, are essential. As such, information about elderly mobility is a necessary tool for policies aimed at the aged [4] to encourage the elderly to leave the home and be physically active [6] .
To plan future transportation needs for social activities of the ageing population, we need to understand the nature of elderly social activities and the travel involved in these activities [8] . Travel behavior analysis is the basis of transportation planning and management [9] . A hasty generalization In some studies, the relationship between elderly travel and quality of life was indeterminate because other behavioral factors might have stronger effects on elderly travel [5, [26] [27] [28] .
A more general study by Wen et al. [29] evaluated the factors that determine elderly quality of life. Their findings showed that aesthetics value (heritage) perceived and appreciated by the elderly influenced the elderly's decision to travel to a particular place. Similar studies [29] [30] [31] [32] [33] explored the importance of heritage sites in attracting inbound tourists (including the elderly).
Many factors influence the travel behavior of individuals. Due to age-related reasons, the elderly are sometimes regraded as less frequent travelers compared to the younger generations. The elderly were found to make fewer and shorter trips [34] . The trips made were influenced by individual characteristics, attitudes, and beliefs, and social and built environments, to some extent, shape the individual's travel decisions [35] . The individual characteristics that have been investigated include age, education level, marital status, ethnicity, income level, household structure, and sex. Although all these factors remain relevant in influencing elderly travel behavior, their relationships may differ due to the specific needs and health capability of the elderly. Kim and Kim [36] found that sociodemographic features play a significant role in explaining the variance in lifestyles and travel motivations of the elderly.
Age has negative relationship with elderly travel [37, 38] . Distinguishing the travel pattern with age group, as implied by Alsnih and Henscher [39] , is also important because elderly mobility may be restricted due to age-related factors. Although health condition is known to influence the elderly's ability to travel, few studies have investigated the effects of health on elderly mobility. Böcker et al. [28] investigated elderly obesity and disability on elderly trips and found that obesity had no significant effect on elderly trips whereas disability reduced elderly trips. Medical conditions often limit the travel decisions of the elderly [34] .
Among the variables that have positive relationships with frequent trips are high education; being married [40] ; income; access to a car, taxi, or public transportation; household structure; and ethnic background [8] . Sex has a mixed effect on the traveling behavior of the elderly [36, 41] . van den Berg et al. [8] found that women make more trips than men, but an earlier study by Stern [40] found that women make less trips than men. Cheng et al. [26] also revealed that male respondents complete more trips than women.
When mode of transportation was investigated, many studies [26, [42] [43] [44] found that the elderly depend more on private transportation (car) as their main transportation. Dependence on private transportation has long-term effects on the environment as well as elderly wellbeing, as indicated by Li et al. [44] , as the use of cars decreases with age. This is attributed to the deteriorating health conditions of the elderly that forbid them to drive as they age. Deteriorating health conditions could also limit the elderly's accessibility to other active transportation such as walking, cycling, or public transportation [45] . Zhang et al. [46] indicated that being older in age is related to less cycle trips, although, 10% of elderly's daily trip were by cycling.
Musa and Sim [47] studied elderly travel in Malaysia. They identified the elderly's main travel motivations as being for tourism purposes and examined destination choices and major travel difficulties. They found that the majority of the elderly travelled for relaxation, with big cities as the most chosen destination, and tour packages as the preferred travel mode. The distance travelled by the elderly were influenced by their preferences and health condition. More recently, Madha et al. [48] focused on individual travel behavior, rather than the elderly per se, and their willingness to travel using trains. They focused on individuals residing in Petaling Jaya, one of the most populated cities in Malaysia. By adopting the theory of planned behavior, they found that a favorable attitude is vital in influencing an individual's decision to travel by train. This study complemented the earlier one by Musa and Sim [47] and extended that of Madha et al. [48] , by providing another insight into travelling issues in Malaysia with a focus on elderly daily trips rather than tourism purposes or narrowed to one mode of transportation. Table 1 provides a summary of the literature. 
Research Design

Data Collection
The population studied included elderly aged 60 years old and above residing in Malacca and George Town, Malaysia. As data on elderly population in George Town and Malacca city were not available from the Department of Statistics, data for Penang and Malacca states for the year 2017 were used. Based on these data [3], the population of elderly in Malacca was 101,700 and 204,900 in Penang for a total population of 306,600. Sampling size is calculated based on the Yamane's [49] formula:
where n is the sample size, N is the population size, and e is the margin of error (5%). Hence, the sampling for the study is n = 306,600
1+306,600(0.05 2 ) = 399.48, rounded to be 400. Based on the percentage of elderly in the populations in Malacca (33%) and Penang (67%), we selected 132 and 268 respondents, respectively. We adopted quota sampling for each city, in which we selected the desired number of respondents with the required characteristics proportionate to the population under study. The characteristics included age groups and sex. Bai et al. [50] and van den Berg et al. [8] emphasized that when studying the travel behavior of elderly, they should not be treated as homogenous groups as the mobility of elderly is highly influenced by age. We followed Alsnih and Hensher [39] to categorize the elderly into three categories Table 2 . We interviewed 455 elderly in George Town (300) and Malacca (155), slightly over the estimated sample number. Prior to conducting the full-scale study, a pilot study was conducted in Malacca on 20-24 July 2018. During this time, a briefing session was conducted by the researchers (three researchers went to Malacca) with two enumerators in Malacca. The survey was administered electronically using the Survey Gizmo portal (SurveyGizmo, Boulder, USA) in which each enumerator was provided with a tablet (2 tablets provided by the research team). The pilot study on 50 elderly respondents was completed within a week. The reliability test conducted on all Likert scale questions indicated that all questions passed the test. The full scale survey started in Malacca on 27 July 2018. One researcher and two research officers travelled to Malacca to brief all enumerators involved and to follow the enumerators to ensure that the e-survey was completed accurately. On 31 August 2018, the lead researcher travelled to Malacca to discuss the survey with enumerators and collect the tablets that had been provided. Briefing and training sessions for enumerators in George Town Penang were conducted on 24 September 2019. Similar to Malacca, the survey was administered electronically. Each enumerator used their own personal tablet or smart phone to conduct the survey that began 25 September 2019. Two researchers and one research officer followed the enumerators on the first two days to ensure that the e-survey was completed correctly. Researchers constantly monitored the progress of the enumerators during the survey administration. The survey was completed on 11 October 2018.
Data
We drew data from a structured travel diary used to record one-day travel for the prior one week and health. The travel diary was used to record travel details such as trip category (work, shopping, personal, business, recreation, medical), mode of travel (private vehicle, public transportation, active transportation), and distance for each trip. Data on travel details were complemented with sociodemographic information (age, sex, household size), socioeconomic information (education, income, vehicle information), and health condition and health behavior (health condition, exercise performed).
Final data gathered showed slightly higher percentages of M-O and Y-O with the O-O group underrepresented. During the fieldwork, it was challenging to engage the elderly from the O-O group in the survey. Male and female respondents were fairly represented with higher percentages of women than men. Other categories of socioeconomic and sociodemographic factors (Table 1) were also fairly distributed. More elderly respondents were within the primary education group, low individual income, and the majority owned at least one type of private vehicle.
For health condition, respondents were asked about their health status and whether they had been diagnosed with any chronic illnesses for the past 12 months. The chronic illnesses listed were diabetes, hypertension, hypercholesterolemia, kidney failure, minor stroke, and heart problems. Respondents were asked to rate their involvement in exercise on a 5-point Likert scale (1 = never, 2 = sometimes, 3 = often, 4 = and 5 = routine). Five questions altogether asked about exercise for 20 minutes or more at least three times a week, exercise as a part of daily activity, such as using stairs instead of elevators, involvement in light to moderate physical activity such as walking for 30-40 minutes at least five times a week, engagement in stretching exercises at least 3 times per week, and involvement in leisure-time (recreational) physical activities such as swimming, dancing, or cycling.
Method
A multivariate analysis with elderly trip frequencies as the dependent variable was conducted. As the trip frequencies are count data of the number of trips (trip frequency) the elderly made per day, we used standard Poisson regression. Prior to running a Poisson estimation, we checked if the assumption that mean of the dependent variable equals its variance was fulfilled. As shown in Table 3 , a standard Poisson model could be estimated since the variance in trip frequency was almost similar to its mean value. A random variable Y is said to have a Poisson distribution with parameter µ if it takes integer values y = 0, 1, 2, . . . (number of daily trips made by elderly) with probability (number of daily trips made by the elderly) using the following formula:
where µ specifies the Poisson distribution with a single parameter for the mean incidence rate of event per unit of exposure for individual i. The probability of observing a specific count y events is computed as:
where µ i = µ(x i β) and x i is the set of regressor variables and β is the unknown parameter. Poisson distribution has equal means and variances. Wooldridge [51] provided a detail explanation of Poisson estimation. Figure 1 shows that the variables influencing trip frequency are divided into three main categories: personal attributes, household attributes, and health conditions. Table 4 shows the expected signs of the independent variables. In general, Figure 2 exhibit the average trip frequency decreases as people age [11] . 
Travel Distance
With regard to travel distance, the majority of the elderly (48.26%) travelled 1-5 km per day. As shown in Figure 3 , as people age, the distance travelled decreases. Of Y-O elderly, 19% travelled more than 10 km per day, but this percentage decrease to 10.56% and 8.51% for M-O and O-O elderly, respectively. A similar trend was observed for both cities. 
Mode of Transportation
A majority of elderly in both cities (62.46%) travelled by private transportation for their first trip either on their own (29.02%) or as passengers (33.4%). A similar trend was observed for second and third trips. O-O elderly also reported walking to their destinations (mainly for trips less than one kilometer) and taking public transportations compared with the other age groups. A higher percentage of elderly in George Town (20.47%) travelled using public transportation compared with elderly in Malacca (3.92%). The elderly in Malacca preferred to travel using private transportation, related to a more established public transportation system in George Town compared to Malacca. 
A majority of elderly in both cities (62.46%) travelled by private transportation for their first trip either on their own (29.02%) or as passengers (33.4%). A similar trend was observed for second and third trips. O-O elderly also reported walking to their destinations (mainly for trips less than one kilometer) and taking public transportations compared with the other age groups. A higher percentage of elderly in George Town (20.47%) travelled using public transportation compared with elderly in Malacca (3.92%). The elderly in Malacca preferred to travel using private transportation, related to a more established public transportation system in George Town compared to Malacca. Moreover, there was an established perception that public transportation is unable to provide a reliable and accessible mode of transport ( Figure 7 ) [52] . Moreover, there was an established perception that public transportation is unable to provide a reliable and accessible mode of transport ( Figure 7) [52]. 
Similarities and Differences in Travel Pattern Amongst Elderly
The elderly in George Town travelled more compared to those in Malacca City. The average FREQUENCY trips of the elderly in George Town (for all age groups), was 1.27 trips, slightly higher than the average trips of the elderly in both cities of 1.13. Average trips per day of the elderly in Malacca City was 0.85, which was less than one. The elderly in George Town are more active, participating in various activities compared to those in Malacca.
Although we observed that most elderly in both cities travelled between one and five kilometers (for their first trip), some differences were found when analysis was segregated by city. We found that all groups of elderly in Malacca City reported to prefer being chauffered (as passengers) in private transportation. The elderly in George Town preferred driving private transportation. Bicycles were not preferred given the small percentages of elderly using them for 
Although we observed that most elderly in both cities travelled between one and five kilometers (for their first trip), some differences were found when analysis was segregated by city. More Y-O elderly in Malacca City who travelled between 6 and 10 km, whereas more Y-O elderly in George Town travelled between one and five kilometers. The distance travelled by the M-O elderly in Malacca and George Town showed a similar pattern, with the majority travelling between one and five kilometers. We found that all groups of elderly in Malacca City reported to prefer being chauffered (as passengers) in private transportation. The elderly in George Town preferred driving private transportation. Bicycles were not preferred given the small percentages of elderly using them for travel. None of the O-O elderly in Malacca used a bicycle as a mode of transportation. The O-O groups in both cities reported higher walking percentages compared with the other age groups. Table 5 shows the Poisson estimation results for the factors influencing trip frequency of the elderly. We concluded that the model fits well because the goodness of fit Chi-squared tests were not statistically significant. The p-value of the deviance of goodness-of-fit was 0.8615; the p-value of the Pearson goodness-of-fit was 0.9999. Discussion on the predicted trips frequency is based on margins analysis, as indicated in Table 6 . City was found to be significant in influencing elderly trips, with less trips reported amongst the elderly residing in Malacca. The predicted trip frequency of the elderly living in George Town was 1.224, higher than the 0.956 in Malacca. Figure 7 shows that majority of elderly in Malacca depended considerably on others for travelling, of which 49% were passengers. The elderly in George Town were more independent, with only 26% being passengers. Elderly in George Town mostly drove on their own (30%) or used public transportation (20%). Only 4% of elderly in Malacca used public transportation for their daily travel.
Factors Influencing Trip Frequency
Variables that were found to be statistically insignificant in influencing trip frequency of the elderly were age group, sex, household income, and household size. Although other studies [11, 37, 38] found a statistically negative relationship between age and elderly travel frequency, we found a contradicting result similar to that of Böcker et al. [28] . A negative relationship was observed for elderly aged 65-75 years. The insignificance of age in influencing trip frequency is related to the majority of elderly who travelled depending on others to travel (Figure 7) as the elderly were mainly passengers in private vehicles. Predicted trip frequency of elderly was higher among elderly aged 75 years with a value of 1.265, and highest among elderly in George Town, with a value of 1.357.
The effect of sex on trip frequency was also inconclusive, similar to the findings reported by Böcker et al. [28] although past studies [8, 11] found a statistically significant relationship. Similar to earlier studies by Stern (1993) , we found that elderly women made less frequent trips than elderly men, but this finding was inconclusive due to its statistically insignificant results. When predicted count was analyzed, elderly men reported higher predicted trip frequency of 1.243 compared to elderly women with 1.176. Similar to age groups differences, elderly men aged more than 75 years old reported higher predicted trip frequency of 1.379 compared to elderly women, with 1.304.
Education level was found to significantly influence the travel behavior of the elderly with elderly with higher education reporting making more frequent trips compared with those with lower education. This finding is similar to that of Schwanen et al. [53] but contrasted that of Böcker et al. [28] . Predicted count indicates that elderly with tertiary education reported a higher predicted trip frequency of 1.479. Predicted trip frequency values of 1.588 and 1.640 were also reported for the elderly with tertiary education living in George Town and elderly more than 75 years old, respectively.
Vehicle ownership was found to positively influence trip frequency. Those owning a private vehicle reported making more frequent trips compared with those with other types of vehicle ownership. Predicted count analysis also indicates that those owning a private vehicle reported a predicted trip frequency of 1.396 as opposed to 0.776 for elderly without a private vehicle, 1.061 for elderly having but not owning private vehicle, and 1.216 for elderly relying on other types of vehicle ownership. A similar trend was observed among cities and aged groups. One reason for this result is the convenience of traveling in a private vehicle, either as a driver or passenger, in comparison with traveling by public transportation or active transportation. The current environment of many cities is more suitable for vehicle ownership dependency [54] and less on active transportation. Musselwhite [55] confirmed that the elderly preferred private vehicles to walking due to the many obstacles related to walking, such as poor walking infrastructure.
Health status was regarded as an essential element influencing elderly trip frequency. Elderly with at least one type of chronic illness reported a lower frequent trip frequency. Elderly with no chronic illness reported 1.268 predicted trip frequency compared with 1.044 for elderly who had at least one type of chronic illnesses. A higher predicted frequency was reported for elderly with no chronic illness living in George Town and elderly aged more than 75 years old. Elderly who engaged in more frequent exercise reported more frequent trips. Elderly who were often engaged in exercise reported 1.567 predicted trip frequency compared with 1.382 and 0.969 among elderly who sometimes or never engaged in exercises, respectively. A similar pattern was observed between cities and among different-aged groups.
As the analysis was number of trips per day, trip specific information such as trip purpose, trip distance, and mode of transportation could not be included in the estimation.
Conclusions
We used descriptive analysis to answer the first research question, "what are the similarities or differences of elderly travelling in Malacca City and George Town?" We found substantial differences between elderly travel in the two heritage cities. The elderly in George Town were more active compared with the elderly in Malacca City as observed through their high average trips per day. The elderly in Malacca City chose to travel longer, even among the O-O age group who travelled more than five kilometers per day. Whereas we observed some similarities in the trip purposes of the elderly in both cities, apparent differences existed in the trip purposes for the O-O elderly. O-O elderly in Malacca City mostly travelled for medical purposes for their first trip, other purposes for their second trip, and shopping purposes for their third trip. With private transportation being the first choice for transportation, elderly in Malacca City were more often passengers and elderly in George Town were more often their own drivers. However, the O-O elderly in both cities preferred to walk than any other mode of transportation.
Understanding the similarities and differences in elderly travel in both cities provides further insight into the current state of transportation in both cities. The less than 4% of elderly using public transportation to travel in Malacca suggests that the public transportation in Malacca needs to be enhanced to increase the participation of elderly in daily travel. Graham et al. [25] , in their study on elderly travel in rural area of the United Kingdom, indicated that a weak public transport infrastructure most impacts non-car owners, which indirectly affects the quality of life of the elderly. As more than 50% of the elderly in both cities did not own a private vehicle, their lives would be considerably affected without good public transportation. Although we found that trip frequency increased with ownership of a private vehicle and that the elderly in both cities relied on the freedom and capability to travel independently, the ability to drive decreases with age. Hence, investment in public transportation is fundamental to promoting and protecting the quality of life of the elderly in the future.
As heritage cities with the need to retain the UNESCO Heritage Status, George Town and Malacca should be more proactive in promoting and establishing their cities as low-carbon cities. The analyzed data indicated that many elderly (20%) were walking and cycling. Walking and cycling can be regarded as part of a person's daily exercises. Predicted count analysis indicated that the more often an elderly participates in exercises, the higher their daily trip frequency. This further contributes to a healthier lifestyle and promotes green environment; Nelson et al. [56] and Srichuae et al. [27] concluded that walking and cycling benefit the health of the elderly. It has been noted by Cleland et al. [57] that regular walking is regarded as the best way for a healthy living of the general population, prevents the development of non-communicable diseases such as cardiovascular diseases [58] and weight gain [59] , and contribute to positive mental health [60] . Thus, there is a need to revisit both cities' development plans to include city-friendly transportation that include safe and walkable facilities for pedestrians, especially the elderly.
Local authorities ought to ensure that both cities embrace the characteristics of walkable places that are preferred by locals, visitors and tourists [61] . According to Bartlett [62] , walkable trips are often considered as trips that take no longer than five minutes (approximately 400 meters). Patterson, Pegg & Wan Omar [60] recommended the integration of individual, social environment and provision of walking trails in local neighbourhood community to promote walking activity. Walking trail characteristics cover the aspects of accessibility, facilities, maintenance, safety from crime and traffic, trail surfaces attractiveness and historic interest [63] [64] [65] [66] [67] . Urban development of cities should take into consideration all these provisions to promote walkability in the cities.
We used Poisson estimation to answer the second research question, "what are the factors that affect elderly travelling in both cities?" The factors that were found to be statistically significant in influencing elderly travel were: city, education, vehicle information, health condition, and engagement in exercise. The Poisson estimation further confirmed our findings from the descriptive analysis, in which location (in this case city), influenced travelling behavior and that elderly in Malacca City travelled less than those in George Town. Education also played a role in influencing elderly travel, with those with higher education having a higher probability of engaging in more travel. Hence, on education of the younger generation should be emphasized now so that they will more educated elderly in the future. At present, the majority of the elderly interviewed in both cities only had primary and secondary education.
Poisson estimation also indicated that elderly with at least one type of illnesses travelled less than those with no illnesses. As such, we found that elderly who participated actively in exercises travel more and were more active. Hence, good health behavior among the elderly should be emphasized, to not only increase their travelling activities but also to remain active even during old age to enhance their quality of life.
Above all, this study has contributed significant insights into the sustainability of both cities with reference to elderly travel. Despite the many initiatives to promote low-carbon cities, the elderly's dependence on private transportation is still high. Although claims were made that Malacca's and George Town's landscapes cater to active transportation (walking and cycling), the percentages of elderly engaging these modes of transportation were marginal. The challenge in terms of spatial requirement is the introduction of an elderly-friendly transportation system. The UNESCO heritage status of both cities would also mean that careful development planning is required to align the heritage status with an elderly-friendly environment. Understanding the differences in elderly persons' travel patterns in both cities would help local authorities to adopt relevant policies according to the local conditions.
Local authorities ought to ensure that both cities embrace the characteristics of walkable places that are preferred by locals, visitors and tourists (Ram & Hall, 2018) . According to Bartlett (2003) , walkable trips are often considered as trips that take no longer than five minutes (approximately 400 meters). Patterson, Pegg & Wan Omar (2018) recommended the integration of individual, social environment and provision of walking trails in local neighbourhood community to promote walking activity. Walking trail characteristics cover the aspects of accessibility, facilities, maintenance, safety from crime and traffic, trail surfaces attractiveness and historic interest (Southworth 2005 
Limitations and Future Research
Although the findings of this study provide some insights into the current status of the sustainability of these World Heritage Cities, the focus was limited to elderly residing in both cities. To further understand the challenges with elderly mobility in both cities, the study could be expanded to include elderly tourists. A comparative analysis with the non-elderly would provide deeper understanding of other travel patterns to better guide policy formulation. 
